The habitual intake of 20 healthy free-living subjects was determined by two 7-day food records. Documented fatty acid intakes were utilized to examine the influence of fatty acid intake on fatty acid composition of stored and structural lipids in subcutaneous adipose tissue. Subjects with higher intakes of saturated fatty acids exhibited increased levels of total saturated fatty acids and decreased polyunsaturated fatty acids in adipose tissue triglycerides (p <0.01). The dietary P/S ratio was significantly related to the saturated and polyunsaturated content of stored lipids. In the phospholipid fraction, relationships were found between dietary C 18:2(6) and the P/S ratio of phosphatidylcholine (p <0.05). The essential fatty acid content of the two phospholipids studied was related to the dietary fats consumed.
Introduction
Fat is a major component of the North American diet. Changing the nature of fat consumed profoundly influences fatty acids available to the body. Thus, modifying the source of dietary fat may alter the composition of adipose tissue. Animal research has provided convincing evidence for enhanced deposition of linoleic acid in carcass fat with an increase in the proportion of this fatty acid in the diet (1) . Dietary fat also influences levels of trans-fatty acid (2) , saturated fatty acids (3), and cholesterol (4) in adipose tissue. The composition of human adipose tissue does not appear to be of constant fatty acid composition.
Despite quantitative differences, within an individual there appears to be little difference in fat composition sampled from subcutaneous or deep body sites (5) . Small but significant differences occur in levels of saturated and monoenoic fatty acids between proximal limb and central trunk fat depots (5) . Significant compositional differences have been noted between the content of Cl6 and C18 fatty acids in infant and adult adipose tissue (6, 7) . Reasons for these differences might be attributed to de novo synthesis rates (6) , although diet could also be an important factor.
Infant vs adult differences in adipose tissue composition rapidly disappear when the infant consumes a diet of fatty acid composition similar to that of the adult (8) . Sex differences have been reported in adipose tissue composition of saturated and monounsaturated fatty acids (9) . Whether reported sex differences simply reflect different dietary intakes is unknown.
The role of genetics in determining adipose tissue composition has not been established.
Differences reported between racial groups (10) are complicated by dissimilar fat intakes.
In this regard, individuals consuming diets that differ from their habitual in-take develop adipose tissue fatty acid composition differing radically from that of their kinsmen (10) . The magnitude of effects that are attributable to sample site, sex, and age are small compared with dietary fatty acids, which appear likely to be the dominant determinant of adipose tissue fatty acid composition (1 1). Human studies aimed at establishing the relationship between diet and adipose tissue composition have focused on linoleic acid. Examining habitual diets ofadults (10) or manipulating dietary fat on a short-(7) or longterm (12) basis indicates that adipose tissue linoleic acid content is related to the nature offat consumed.
Research on infants has also illustrated that the fatty acid profile of fat fed influences adipose tissue composition (13). Based on some of the available literature, a mathematical relationship has been proposed relating the fatty acid composition of diet to the human adipose organ (14) . Recently, when two groups of individuals, one with newly diagnosed coronary heart disease and one of apparently healthy individuals, were compared, it was concluded that a lower concentration ofCl8:2 (6) and C20:3 (6) in adipose tissue may contribute to the presence of coronary heart disease independently of other known risk factors (1 5) . In this study (1 5) , dietary C 18: 2(6) levels were positively correlated with adipose tissue C 18:2(6) concentration.
The fatty acid composition of structural lipids of various cell membranes in experimental animals is also influenced by the composition of fat fed (16, 17 and an inlet pressure of 34 PSI. The inlet splitter was set at 100:1 for analysis of triglycerides and ' 30:l for fatty acid analysis of phosphatidylcholine and phosphatidylethanolamine.
Samples were injected at 250#{176}C and the oven temperature was programmed from 185#{176}C to 195#{176}C at a rate of 5#{176}C/mm. Chromatography was completed within 40 mm. Fatty acid methyl esters were identified with known standards.
Protein determination
Dried filter paper containing protein from biopsy sampies was extracted by mincing the filter paper and agitating it for I h at 80#{176}C in 3 ml 0.5 N NaOH (5) . The slurry was transferred to centrifuge tubes, 1 ml NaOH added and centrifuged (2500 g for 30 mm) to sedimeht the cellulose fraction.
Protein content was determined in aliquots of supernatant (27). was determined for each rod using purified standards.
Cholesterol
Total cholesterol was determined relative to amount of internal standard added and expressed/ mg protein in the total biopsy sample.
Data analysis
Simple correlation was used to identify relationships hypothesized to exist between dietary intake and adipose tissue fatty acid composition.
Values for the entire group were used in the statistical analysis as each reported relationship remained significant when analyzed by sex. The w3, w6, major saturated and monounsaturated fatty acids, and total saturated, total polyunsaturated, and total monounsaturated fatty acids along with the polyunsaturated to saturated fatty acid (P/S) ratio of adipose triglycerides and phospholipids (phosphatidylcholine and phosphatidylethanolamine)
were correlated with dietary fat, fatty acid, and carbohydrate intakes. Significant relationships were plotted using unilinear regression techniques identifying diet and adipose tissue as independent and dependent variables, respectively. Using dietary P/S ratio, two subgroups of subjects were also identified as having high vs low P/S intakes.
Adipose tissue fatty acid composition was compared for these two subgroups by analysis of variance procedures.
Significantrelationshipsobserved between diet and tissue composition were subsequently tested by multivariate analysis of variance procedures. In addition to fatty acids illustrated, C 12:0, C 18:4(4), C20:4(3), and C22:3 (6) in the triglyceride and phospholipid fractions were also measured and included in the total. Ninety-one percent of fatty acids present in human adipose tissue triglycerides consisted of C16:0, Cl6:l, Cl8:0, Cl8:l, and Cl8:2 (6) . Major fatty acids found in phosphatidylcholine and phosphatidylethanolamine were Cl6:0, C16:l, C18:0, C18:l, C 18:2(6), C 18:3(3), C20:4(6), and C20:5 (3) .
Results

Characteristics of subjects
Relationships between diet and triglyceride fatty acid composition
Linear regression procedures indicated relationships between intake of carbohydrates, polyunsaturated, saturated, monounsaturated and total fatty acids, and the fatty acid composition of human adipose triglycerides. On a body weight basis, an increase in mean total fat and saturated fatty acid intake was associated with a highly significant increase in adipose tissue levels oftotal saturated Cl6:0 and C18:0 fatty acids and a decrease in C20:4(6) (p < 0.01; Figs 1 and 2, respectively).
High intakes ofboth total and saturated fatty acids were also significantly associated with decreases in Cl8:3(3)(p <0.0l)and the P/S ratio of triglyceride fatty acids (p <0.05). Dietary intake of monounsaturated fatty acids and carbohydrates correlated with fatty acid composition of adipose tissue triglycerides. On a body weight basis, higher monounsaturated fatty acid intake was associated with increased levels ofCl6:0, C 18:0, and total saturated fatty acids (p <0.01), and decreased levels of C 18:3(3), C20:4(6), and P/S ratio (p <0.05) in the triglyceride fraction. When expressed as a percent of fat, increases in mono- P/S ratio (p < 0.01) ofthe triglyceride fraction. No significant relationships were found between carbohydrate intake and the monounsaturated fatty acid content ofadipose triglycerides.
Polyunsaturated fat intake was related to the composition ofadipose triglycerides. Increased intake of Cl8:2(6)/unit body weight was associated with a decrease in content of C18: 1 (p < 0.03; Fig 3) and total monounsaturated fatty acids in the triglyceride fraction (p < 0.05). A positive relationship was noted between polyunsaturated fatty acid intake and level ofC22:4(6) (p < 0.05). Increase in dietary P/S ratio was accompanied by increased levels of total w6 fatty acids (p < 0.05) of adipose tissue triglycerides.
Levels of total polyunsaturated and Cl8:2 (6) fatty acids also increased significantly in the triglyceride fraction with increases in dietary P/S ratio (p < 0.05). Using analysis of variance procedures, the difference in adipose tissue triglycerides fatty acid composition was examined in two groups of five subjects with mean dietary P/S ratios of 0.35 ± 0.02 and 0.59 ± 0.08. Significant differences were noted between adipose tissue total w6 (p < 0.05), C18:2(6) (p < 0.05), and total saturated (p < 0.02) fatty acids and the P/S ratio (p < 0.03) of adipose tissue triglycerides (Table 5 ). These differences in the fatty acid composition of adipose triglycerides reflected the high vs low dietary P/S ratio.
Relationship between diet and phospholipid fatty acid composition
Polyunsaturated fatty acid intake correlated with the fatty acid composition of membrane phospholipids.
Increase in mean dietary Cl 8: 2(6) was associated with an increase in P/S ratio of fatty acids in phosphatidylcholine (p < 0.05; Fig 4) . For phosphatidylethanolamine, increase in Cl8:2(6) intake was associated with a decrease in level of C22:6(3) (p < 0.01) and also in the levels of C20:3(6), C20:4(6), total 
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' A' Increase in the dietary P/S ratio was accompanied by significantly lower levels of total monounsaturated fatty acids (p < 0.05) and higher levels of C22:4(6) (p < 0.03) in phosphatidylethanolamine.
In phosphatidylcholine, increase in dietary P/S ratio was associated with an increase in Cl 8:
Increased intake ofsaturated fatty acids, as a percent of total fat, correlated negatively with the level of C22:4 (6) in phosphatidylethanolamine (p < 0.01). As monounsaturated fatty acid intake increased as a percent of total fat, levels of Cl6:0 (p < 0.03) and C20:4 (6) (p < 0.04) in phosphatidylcholine decreased (Fig 5) Total w3 Fatty Acids (%w/w)
a. fatty acid intake correlated negatively with the level of C20:5 (3) (p < 0.01) and C18:0 (p < 0.05) in phosphatidylethanolamine.
An increase in monounsaturated fatty acid intake was associated with a decrease in Cl6: 1 (p < 0.05)and an increase in Cl8:3(3)(p < 0.01), C20:3(6), and total w3 fatty acids (p < 0.05) in the phosphatidylcholine fraction of adipose tissue. On a body weight basis carbohydrate intake was associated with decreased levels of total co3 fatty acids (p < 0.01) and increased levels of C22:4 (6) (p < 0.0 1) in phosphatidylethanolamine.
Increased carbohydrate intake was associated with significantly higher levels ofC22:6(3), C22:4(6) (p < 0.01), total PUFA content, and P/S ratio (p < 0.05) of phosphatidylcholine.
Thus it is apparent that transitions in intake ofeach ofthe major dietary fat constituents and carbohydrates are associated with distinct changes in fatty acid composition of both the essential and nonessential fatty acids present in membrane phospholipids.
Relationships within lipid classes
A linear relationship was found between the levels of total w6 and w3 fatty acids in phos-pholipids ( Fig 6) . Increased total w3 fatty acids in phosphatidylethanolamine were positively associated with levels oftotal w6 fatty acids (p < 0.05; Fig 6A) . For phosphatidylcholine, higher levels of total w3 fatty acids were associated with decreased levels oftotal w6 fatty acids (p < 0.05; Fig 6B) . A relationship between o,3 and w6 fatty acids was not found in the triglyceride fraction.
A negative linear relationship was noted between levels of total polyunsaturated and total monounsaturated fatty acids in adipose triglycerides (p < 0.01).
Relationship between lipid classes
A positive linear relationship was found between the Cl 8: 1 level in adipose tissue triglycerides and C18: 1 level in phosphatidylethanolamine for male subjects (p < 0.03), and the level of C 18:2(6) in these two lipid classes in the adipose tissue of female subjects (p < 0.02; Fig 7) . For female subjects, a positive linear relationship was also noted between the levels ofCl8:3 (3) in adipose triglycerides and phosphatidylethanolamine (p < 0.02).
In addition, levels of total monounsaturated fatty acids in triglyceride and phosphatidyletha- 
Cholesterol
The mean tissue cholesterol level found in this study was 0.28 ± 0.29 mg cholesterol/mg protein.
In the present study, no significant relationships were found between tissue cholesterol level and intake of fatty acids or cholesterol.
In addition, no significant relationships were observed between fatty acid cornposition of adipose tissue triglycerides and tissue cholesterol levels.
Discussion
Relationship between diet and triglyceride fatty acid composition
Fatty acid composition of human adipose tissue found in this study agrees with earlier reports (1 1). Due to slow turnover rates, the triglycerides stored in adipose tissue are believed to be a qualitative measure of fat intake over the previous year (6) . In the present study, both total and saturated fatty acid intakes were significantly related to the saturated and polyunsaturated fatty acid composition of adipose tissue triglycerides (Figs 1 and 2 scured by limitations in measuring C 18:2(6) intake from the computer data base used. Although Cl8:2 (6) is the major polyunsaturated fatty acid in the diet, other unsaturated fatty acids, such as linolenic acid, were combined in determining total polyunsaturated fatty acid intake.
Linolenic fatty acid intake may affect independently adipose tissue composition. In addition, the relationship between dietary and tissue concentrations of Cl8:2 (6) is not necessarily linear, since in mice it was found that at low intake, the diet level of Cl8:2(6) influenced the ratio ofthe amount ofCl8:2(6) oxidized to that deposited ( 1) . Whether this relationship is also true for man or at the higher C18:2 (6) intakes measured in this study is unknown.
Early animal work has indicated that the relationship between dietary fatty acid intake and adipose tissue composition may be related to the dietary pattern, rather than the quantity ofthe fatty acid in the diet (2) . Significant differences were noted in adipose Cl8:2(6) concentration ofdialysis patients consuming similar amounts of Cl8:2(6) but different levels ofsaturated fatty acids (29). This may indicate that the relative proportion of polyunsaturated to saturated fatty acids may be of greater significance in determining polyunsaturated fatty acid content of human adipose tissue triglycerides than total Cl8:2 (6) intake. In the present study the dietary P/S ratio correlated with the polyunsaturated fatty acid (Cl8:2(6), total w6, total PUFA) content and P/S ratio of the adipose triglyceride fraction. The relationship between dietary P/S ratio and adipose fatty acid composition was further demonstrated by comparing two groups of subjects representing a high (0.59 ± 0.08) vs low (0.35 ± 0.02) dietary P/S ratio. Significant differences were found between the groups in the relative proportions ofsaturated and polyunsaturated fatty acids ( (6) is inversely related to adipose tissue concentrations of C18: 1 in both animals (2, 32) and man (7, 12)has led to the hypothesis that a regulatory mechanism exists to maintain the composition of depot fat at an optimal unsaturated to saturated ratio. It has been speculated that cornpensatory modifications occur in either or both the rates of biosynthesis and oxidation of specific fatty acids so as to minimize cornpositional changes in fatty acids (33 In the animal model, diet-induced changes in the levels of w3 and w6 fatty acids in membrane phospholipids have been related to alterations in membrane function (17, 19) . In the present study, the intake ofCl8:2(6)/umt body weight significantly related to the P/S ratio of fatty acids in phosphatidylcholine (Fig 4) . In both phospholipid classes fatty acid intake was significantly related to the o3 and w6 fatty acids present, suggesting that the levels of dietary essential fatty acids in these membrane lipids were influenced by diet fat. The two phospholipid fractions studied did not relate to diet in the same manner.
For cxample, dietary polyunsaturated fatty acid composition was positively related to the Cl8: 1 composition in phosphatidyicholine but negatively related to the C18: 1 composition in phosphatidylethanolamine.
Within the phospholipids, increases in total w3 fatty acid content were associated with decreases in total w6 fatty acids in phosphatidylcholine and increases in total w6 fatty acids in phosphatidylethanolamine ( Fig 6) . This suggests that dietary w6 and w3 fatty acids were incorporated and/or turned over differently within the two phospholipids studied.
Relationship between lipid classes
The relationship found between the Cl 8: 2(6), C18:1 (Fig 7) , and C18:3(3) content of adipose tissue triglycerides and phosphatidylethanolamine implied that these two lipids: a) derive fatty acids from a common precursor pool; or, b) that one lipid class provides fatty acids for synthesis ofthe other. 
